INTRODUCTION
or LAL may indicate protein damage in feed ingredients (van Rooijen et al., 2013) . Diets for growing pigs are commonly formulated on standardized ileal digestible Lys content (CVB, 2011) . Total Lys, determined using conventional analysis, may consist of Lys with a free ε-amino group (reactive Lys) plus Lys reacted to early MRP but reverted back under the strong acidic conditions of the test (Moughan and Rutherfurd, 2008) . Only ileal digestible reactive Lys is considered bioavailable for protein synthesis (Moughan and Rutherfurd, 2008) . Using the guanidination method with o-methylisourea (OMIU) to determine standardized ileal digestibility (SID) of reactive Lys may better estimate Lys bioavailability than SID of total Lys (Rutherfurd et al., 1997a) .
The aim of the experiment was to determine protein quality in processed protein sources using 1) the AA, OMIU-reactive Lys, furosine, CML, and LAL contents; 2) SID of CP, AA, and OMIU-reactive Lys; 3) apparent total tract digestibility (ATTD) of nutrients; and 4) growth performance in growing pigs as criteria. Processing by secondary toasting of SBM and RSM in the presence of lignosulfonate was used as a model to achieve differences in protein quality. It was hypothesized that ileal digestible Lys may overestimate Lys bioavailability compared with OMIU-reactive Lys.
MATERIALS AND METHODS

Animals and Housing
This study was approved by the Animal Care and Use Committee of Wageningen University and Research Centre Livestock Research (Lelystad, the Netherlands). Ten growing barrows (Dutch Landrace × Yorkshire from VOF van Beek, Lelystad, the Netherlands) with a high health status and an average initial BW of 30.8 ± 1.0 kg were surgically fitted with a steered ileocecal valve cannula (Mroz et al., 1996) . Pigs were individually housed in metabolism cages (1.3 by 1.3 m) for collecting ileal chyme and feces and to enable individual supply of the experimental diets. The metabolism cages had 1 transparent wall, to enable visual contact between 2 pigs, 3 opaque walls, and a plastic coated tenderfoot slatted floor. A feeding trough and a nipple drinker were present in each cage. The ambient temperature in the barn was kept constant at ±24°C during the experimental period, and the lights were turned on from 0500 until 2000 h and dimmed at night.
Diets and Feeding
The study consisted of an incomplete crossover design with a 2 × 2 factorial arrangement of treatments. The study consisted of 3 periods of 11 d in which 3 of 4 experimental diets were fed to each pig to obtain a sufficient number of replicates in a short period of time. Pigs were gradually adapted from a commercial diet to the experimental diets during 3 d before the start of period 1. At the end of period 1 and 2, pigs were gradually adapted to the following experimental diet during 3 d.
All 4 experimental diets (Research Diet Services, Wijk bij Duurstede, the Netherlands) consisted of a basal CP-free diet based on gelatinized potato starch. The diets were supplemented with either SBM (Glycine max) or 00-RSM (Brassica napus) and both were supplied by Feed Valid B.V. (Poederoijen, the Netherlands) as the sole source of protein. The 00-RSM variety contains low levels of erucic acid and glucosinolates. Soybean meal and RSM were used either as such, referred to as the SBM and RSM diet, respectively, or processed by secondary toasting in the presence of lignosulfonate (Xylig from Lenzing Aktiengesellschaft, Lenzing, Austria) to obtain processed SBM (pSBM) and processed RSM (pRSM). Lignosulfonate, a commercially available source of xylose and glucose, was used to induce protein damage, in particular to Lys by the Maillard reaction. The latter was confirmed by analysis of OMIU-reactive Lys levels before the start of the study. The process is normally used to produce bypass protein for application in ruminant diets (Prestløkken and Rise, 2003) . The lignosulfonate was added at a constant ratio to CP, that is, at 7% (wt/ wt) of the SBM content in the SBM and pSBM diets and at 5% (wt/wt) of the RSM content to the RSM and pRSM diets. The SBM and RSM diets were produced by mixing the ingredients with air-heated (±50°C) lignosulfonate syrup to make it fluid and subsequent pelleting with steam (±75°C) through a 4-mm die. For the pSBM and pRSM diets, lignosulfonate was added to the SBM and RSM and the mixture was subsequently toasted in a 7-floor cascade toaster for 30 min at 95 ± 2°C, then dried with hot air (140°C for 10 min), and, thereafter, cooled on a conveyor belt to produce the pSBM and pRSM ingredients. The pSBM and pRSM ingredients were then mixed with the other feed ingredients and pelleted using the same procedure as for the SBM and RSM diets. Chromic oxide was added to all diets as an indigestible marker at an amount of 0.25 g/kg (as-fed basis). The SBM diets were supplemented with dl-Met and the RSM diets were supplemented with l-Lys HCl, dl-Met, l-Thr, and l-Trp to meet 80% of the requirements for standardized ileal digestible Lys, Met, Thr, and Trp as required for digestibility studies (CVB, 2011) . The analyzed nutrient composition of the 4 protein sources and the ingredient and nutrient composition of the 4 experimental diets are provided in Tables 1, 2, and 3, respectively. Pigs were fed, twice a day, equal portions at 0730 and 1530 h on d 1 to 7 in each period. Pigs were fed at 0600 and 1800 h on d 8 to 11 in each period to allow 12 h of chyme collection. Feeding level was 2.8 times maintenance energy requirement (293 kJ NE/kg BW 0.75 ; CVB, 2011). At the beginning of each period, the BW of pigs was determined and individual feed allowance was calculated. The ADFI was measured daily by weighing the feed refusals before the morning feeding. Diets were fed as liquid feed by adding 2.5 L of water per kilogram of diet to ensure a similar flow of ileal chyme after morning and evening feeding.
Sample Collection and Chemical Analysis
Samples of the protein sources and the 4 experimental diets were collected at the beginning of the study, ground to pass a 1-mm screen using a Retsch ZM 100 mill (Retsch GmbH, Haan, Germany) , and stored at -20°C until analysis. Feces were quantitatively collected on d 6 to 8. Ileal chyme was collected for 12 h between 0600 and 1800 h on d 9 and 11 of each period by attaching a plastic bag to the cannula. Bags were replaced once per hour. Ileal chyme and feces were pooled per pig per collection period, subsampled, freeze-dried, ground to pass a 1 mm screen using a Retsch ZM 100 mill, and stored at -20°C until analysis.
Diet, ileal chyme, and fecal samples were analyzed for DM (method ISO 6496; ISO, 1999b ) by drying to a constant weight at 103°C; N was analyzed by the Kjeldahl method (method ISO 5983-1; ISO, 2005a); CP was calculated as N × 6.25; and Cr 2 O 3 was analyzed by ionization and mass spectrometry using a pure grade Cr standard (PerkinElmer, Groningen, the Netherlands; Williams et al., 1962) . Diet and fecal samples were analyzed for ash (method ISO 5984; ISO, 2002) after 3 h ashing at 550°C and acid-hydrolyzed ether extract (AEE; method ISO 6492; ISO, 1999a) was analyzed by gravimetric determination after hydrolysis with HCl followed by extraction with petroleum ether. Diet samples were analyzed for crude fiber (method ISO 6865; ISO, 2000) by boiling in sulfuric acid and subsequent ashing, starch (method ISO 15914; ISO, 2004) was analyzed by enzymatic determination of the amount of hexokinase/ glucose-6-phosphate-dehydrogenase, total sugars were analyzed as reducing sugars, and easily hydrolyzable disaccharides (method NEN 3571; NEN, 1974) were analyzed by hydrolysis in a diluted strong acidic solution with Luff-Schoorl reagents, furosine, and CML as indicators for the Maillard reaction and LAL as indicator for cross-linking using reverse-phase ultra-high-performance liquid chromatography and mass spectrometry with 13 C 6 15 N 2 -Lys (Sigma-Aldrich, Steinheim, Germany) as an internal standard (van Rooijen et al., 2014) . Protein source, diet, and ileal chyme samples were analyzed for total AA profile (method ISO 13903; ISO, 2005b) by acid hydrolysis at 110°C for 23 h and ion-exchange chromatography with post-column derivatization with ninhydrin, including sulfur-containing AA measured as cysteic acid and methionine sulfone after oxidation with performic acid; Trp was measured by alkaline hydrolysis at 110°C for 20 h and ion-exchange chromatography with fluorescence detection (method ISO 13904; ISO, 2005c); and OMIU-reactive Lys was measured according to .
For the determination of OMIU-reactive Lys, a 0.6 M OMIU solution was prepared as described by , which converts Lys with a free ε-amino group to homoarginine. Briefly, 4 g of barium hydroxide octahydrate (Sigma-Aldrich, Zwijndrecht, the Netherlands) was added to approximately 16 mL of boiling distilled deionized water that had been boiled for at least 10 min to remove CO2, after which 2 g of OMIU sulfate salt was added. The solution was transferred to a centrifuge tube and cooled for 30 min at room temperature before being centrifuged at 6,400 × g for 10 min at 20°C. The supernatant was retained and the precipitate was washed with approximately 2 mL of boiled distilled deionized water and centrifuged again at 6,400 × g for 10 min at 20°C. Both supernatants were combined and the pH was checked to verify that it was above 12 to ensure complete conversion of the sulfate salt to the free base. Thereafter, the pH was adjusted to 11.5, necessary for guanidination, by adding 6 M HCl and made up to 20 mL with boiled distilled deionized water. The homoarginine content was analyzed in duplicate in 5-mg ball milled diet and ileal chyme samples. The samples were gently mixed in 1 mL 0.6 M OMIU solution for 7 d in a shaker before being dried under vacuum (Savant SpeedVac Concentrator SC210A; Savant Instruments Inc., Farmingdale, NY) and subjected to acid hydrolysis following the procedure for total AA profile described above using l-norleucine (Sigma-Aldrich, Zwijndrecht, the Netherlands) as an internal standard. The OMIU-reactive Lys content was calculated from the homoarginine content. Results showed that crystalline l-Lys HCl was not properly analyzed as OMIUreactive Lys. The OMIU-reactive Lys contents of the 3 Net energy = 10.8 × digestible CP + 36.1 × digestible acid-hydrolyzed ether extract + 13.7 × starch + 12.4 × sugars + 9.6 × digestible nonstarch polysaccharides (CVB, 2011) . The calculated NE contents for SBM and RSM were 10.8 and 9.8 MJ/kg feed.
4 OMIU = o-methylisourea.. experimental diets were, therefore, unreliable and data on OMIU-reactive Lys contents from the protein sources were used for further calculations.
Calculations and Statistical Analysis
The ADFI, ADG, and G:F were calculated per pig per period. Apparent ileal digestibility (AID) and, subsequently, SID of nutrients were calculated using Eq. [1] (Stein et al., 2007; CVB, 2011) and [2] (Stein et al., 2007) :
and
in which x (%) is CP, individual AA, or OMIU-reactive Lys; x chyme and x diet are the CP, individual AA, or OMIUreactive Lys content (g/kg DM) in the chyme and diet, respectively; Cr 2 O 3diet and Cr 2 O 3chyme are the analyzed Cr 2 O 3 content (mg/kg DM) in the diet and chyme, respectively; and basal endogenous x is the basal endogenous loss (in g/kg DMI) of CP or individual AA as described by Jansman et al. (2002) . For the calculation of SID of OMIU-reactive Lys, the basal endogenous Lys loss was used. To determine the SID of CP and AA from the protein sources in diets supplemented with crystalline AA, the crystalline AA were considered to be 100% digested. The reactive Lys content was also calculated from the furosine content based on the assumption that acid hydrolysis of Amadori products yields 32% furosine and 40% of reverted Lys using Eq. [3] (Desrosiers et al., 1989): reactive Lys = total Lys -1.24 × furosine. [3] The ATTD of DM, OM, ash, CP, AEE, and nonstarch polysaccharides (NSP; defined in the current study as DM -ash -CP -AEE -starch -sugar) were calculated using Eq. in which x (%) is DM (g/kg, as-is), OM, ash, CP, AEE, or NSP (g/kg DM) and Cr 2 O 3 diet and Cr 2 O 3 feces are the analyzed Cr 2 O 3 content (mg/kg, as-is, for ATTD of DM and mg/kg DM for the other nutrients) in the diet and feces, respectively. For calculating the NSP fraction in feces, starch and sugars were considered to be 100% digested. The SID of CP, individual AA and OMIU-reactive Lys, ATTD of proximate components, ADG, ADFI, and G:F were statistically analyzed using a 2-tailed mixed model (PROC MIXED procedure) in SAS 9.2 (SAS Inst. Inc., Cary, NC) with pig as the experimental unit. The model included the fixed effects of protein source, processing, and their interaction to test the effect of SBM or RSM and processing on response variables. The random effect included the interaction between period and pig to account for multiple measurements per pig. Least squares means were calculated per experimental diet. The P-values < 0.05 were considered significant and P-values between 0.05 and 0.10 were considered indicative of a trend.
RESULTS AND DISCUSSION
Protein quality in processed protein sources was assessed using the content of AA, OMIU-reactive Lys, MRP, and LAL; SID of CP, AA, and OMIU-reactive Lys; ATTD of nutrients; and growth performance in growing pigs as response criteria. It was hypothesized that standardized ileal digestible total Lys would overestimate Lys bioavailability compared with OMIU-reactive Lys.
Effect of Processing on Diet Composition
The amount of sugar, Arg, and total Lys in the pSBM and pRSM diets were lower compared with the amounts in the SBM and RSM diets, indicating that processing reduced the quantity of these nutrients in the diets (Table 3) . A decrease in Arg and total Lys in SBM was also found in the study of Harstad and Prestløkken (2000) , in which a similar processing treatment was used, and in a study using autoclaved SBM (Kim et al., 2012) . The most reactive reducing sugar in the experimental diets was xylose coming from the lignosulfonate. Xylose has the highest nonenzymatic browning (Maillard reaction) activity (Lievonen et al., 2002) . The highly reactive free ε-amino group of Lys is mostly involved in the Maillard reaction followed by Arg (Kwak and Lim, 2004 ). Both the current study and the study of Harstad and Prestløkken (2000) showed that total Lys decreased more than Arg by applying this type of processing to SBM. Hence, intense processing may reduce the Arg and total and OMIUreactive Lys contents of diets containing SBM or RSM. Results showed that the SBM and RSM diets already contained furosine, CML, and LAL (Table 3) , indicating that Maillard and cross-link reactions had taken place in SBM and RSM, presumably during the oil extraction/ desolventizing process. Processing increased the furosine, CML, and LAL contents (Table 3) . Therefore, the amount of early MRP, with furosine as the marker, increased due to processing. Moreover, the amount of advanced MRP, with CML as the marker, increased as well, and this was also reflected by the loss of total Lys. The loss of total Lys due to processing was larger than the amount of CML formed, indicating that other advanced MRP were also formed during processing. The formation of final MRP, that is, melanoidins, was clearly indicated by a darker color of the pSBM and pRSM protein sources compared with the SBM and RSM protein sources, respectively (data not shown). Therefore, the total Lys content in the SBM and RSM protein sources already overestimated the amount of bioavailable Lys as indicated by the lower OMIU-reactive Lys content. Additional determinations of furosine, CML, and LAL could provide more insight in the type of reactions that occurred.
Crystalline l-lys HCl and the Guanidination Reaction
The OMIU used during the guanidination reaction of Lys was considered to specifically bind to the free ε-amino group of Lys (Mauron, 1981) . However, unlike the SBM and pSBM diets and protein sources, the difference between total and OMIU-reactive Lys in the RSM and pRSM diets (Table 3 ) was much larger than in the RSM and pRSM protein sources (Table 1) . There was no difference in OMIU-reactive Lys and total Lys contents in samples taken before and after pelleting, indicating that pelleting did not result in additional heat damage to Lys and a reduction in OMIU-reactive Lys (data not shown). It is more likely that crystalline lLys HCl, having a free α-and ε-amino group and being present only in the RSM and pRSM diets, was not adequately measured as reactive Lys because OMIU may not be specific for the ε-amino group of Lys. Therefore, we analyzed crystalline l-Lys HCl using the protocol of with a calculated OMIU:Lys ratio of 20:1, resulting in an OMIUreactive Lys content of 246 g/kg whereas 780 g/kg was expected (data not shown). This indicated that OMIU may have been bound to both the α-and ε-amino group of Lys, under the conditions of the analysis, resulting in double derivatized Lys instead of homoarginine. The guanidination method, therefore, may be unsuitable to determine reactive Lys in diets containing crystalline l-Lys HCl or hydrolyzed protein sources.
In contrast to the OMIU-reactive Lys content in diets with a relatively high content of crystalline l-Lys HCl, the OMIU-reactive Lys content in ileal chyme was considered to be correctly analyzed. The free Lys concentration as percentage of the total amount of Lys present was approximately 10% in the chyme samples and 27% in the RSM diets (T. G. Hulshof, unpublished data). Additionally, there was no difference in free Lys content between the 4 protein sources (T. G. Hulshof, unpublished data), indicating that the free Lys might come from endogenous sources and not from dietary crystalline l-Lys HCl. The assumption that crystalline l-Lys HCl is 100% digestible, therefore, seems valid. Moughan and Schuttert (1991) found that the concentration of free Lys in endogenous losses was 3.1% of the total amount of Lys in the chyme. The greater value in the current study perhaps can be explained by autodigestion of endogenous and dietary peptides because enzyme activity was not immediately stopped after chyme collection. Moreover, a reaction time of 7 d and a pH > 11 were found to be optimal for converting Lys to homoarginine in rat digesta and these conditions were used in the current study. Further research on the specificity of OMIU to the α-and ε-amino group of Lys is necessary to fully explain the results found for the RSM and pRSM diets.
Effect of Processing on Standardized Ileal Digestibility of CP and AA
Processing decreased (P < 0.001) the SID of CP and all AA except Pro (P = 0.140; Table 4 ). The SID of CP and AA for the SBM and RSM diets were comparable with that found in other studies (Stein et al., 2001; Eklund et al., 2012) . The processing of SBM used in this study caused a larger reduction in SID of CP and total and OMIU-reactive Lys in growing pigs than autoclaving of SBM at 125°C for 30 min (González-Vega et al., 2011) and at 135°C for 28 min (Kim et al., 2012) . The processing of RSM used in this study had a effect on SID of CP in growing pigs similar to autoclaving of canola meal at 130°C for 30 min (Almeida et al., 2014b) . Hence, the processing in combination with lignosulfonate applied in this study to SBM and RSM was suitable to induce a contrast in SID of CP and AA and can be compared with other conditions for processing.
The decrease in SID of CP and AA due to processing might be explained by a less effective denaturation and pepsin activity in the stomach due to conformational changes in protein structure resulting from Maillard and cross-linking reactions. Research has shown that pancreatic enzymes, such as carboxypeptidases and the brush border enzyme aminopeptidase N (Hansen and Millington, 1979; Öste et al., 1986) , are less effective in hydrolyzing peptide bonds located near modified Lys residues, which are highly present in processed protein sources . Moreover, aggregation of peptides can occur by cross-linking of unabsorbed AA and smaller peptides resulting in peptides that are unable to cross the small intestinal wall (Mauron, 1981) . This lower effectiveness of hydrolysis and the formation of aggregations may explain the overall decrease in SID of CP and AA seen for the processed protein sources.
Effect of Processing on Standardized Ileal Digestibility of Total Lys and o-MethylisoureaReactive Lys
Processing decreased (P < 0.001) the SID of total Lys when considering crystalline l-Lys HCl to be 100% digestible for the SBM and RSM protein sources (Table 5) . Moreover, the SID of OMIU-reactive Lys when considering crystalline l-Lys HCl to be 100% digestible was also decreased (P < 0.001) for the SBM and RSM protein sources. The SID of OMIU-reactive Lys was greater than SID of total Lys for the 4 experimental diets. Ileal digestibility of total Lys also includes, next to reactive Lys, the digestibility of early MRP, which are found to be less absorbed than reactive Lys . The standardized ileal digestible total and OMIU-reactive Lys contents for each protein source were similar and were reduced by processing (Table 5 ). The total Lys content overestimated the OMIU-reactive Lys content and the SID of total Lys underestimated the SID of OMIU-reactive Lys. These over-and underestimations were proportional to each other and, in this case, resulted in similar standardized ileal digestible total and OMIU-reactive Lys contents. Because standardized ileal digestible total and OMIU-reactive Lys are similar, it seems that the early MRP, represented by the difference between total and OMIU-reactive Lys content, were not digested and absorbed in the small intestine of the pigs. Rutherfurd and Moughan (1997) found that the true ileal digestible total and OMIU-reactive Lys were similar for field peas heated at 110, 135, and 165°C for 15 min. Rutherfurd et al. (1997b) found that true ileal digestible OMIU-reactive Lys was greater than true ileal digestible total Lys (31.2 vs. 30.6 g/kg, respectively) in SBM. Differences between standardized ileal digestible total and OMIU-reactive Lys were also found for distillers dried grains with solubles (Pahm et al., 2009 ) and wheat, dried maize, heated skim milk powder, cottonseed meal, and an alfalfa-based mix (Rutherfurd et al., 1997b) . Therefore, standardized ileal digestible OMIU-reactive Lys might be a better measure for bioavailable Lys than standardized ileal digestible total Lys, but this was not found Table 4 . The effect of protein source, processing, 1 and their interaction on standardized ileal digestibility (%) of CP and individual AA for the 4 experimental diets containing either soybean meal (SBM), processed SBM (pSBM), rapeseed meal (RSM), or processed RSM (pRSM) fed to growing pigs 2 2 Least squares means are reported for 7 pigs for SBM diet and RSM diet and for 8 pigs for pSBM diet and pRSM diet.
3 Standardized ileal digestibility was calculated by considering 100% digestibility of L-Lys HCl, DL-Met, L-Thr, and L-Trp. 4 One pig had an aberrant standardized ileal digestibility for Pro irrespective of diet with values of 38.9% in period 1 (SBM diet), 1.2% in period 2 (pRSM diet), and 15.0% in period 3 (RSM diet). standardized ileal digestibility of Pro per diet after excluding this pig was: 93.2, 76.0, 83.1, and 69.2% for the SBM, pSBM, RSM, and pRSM diet, respectively with a SEM of 2.9. P-values for protein source, processing, and the interaction term were 0.008, <0.001, and 0.557, respectively. for the SBM and RSM in this study. Despite the fact that the standardized ileal digestible contents of total and OMIU-reactive Lys were similar in this study, the standardized ileal digestible OMIU-reactive Lys content may still be preferred because the total Lys content and SID of total Lys were significantly different from the values for OMIU-reactive Lys, which is in agreement with Rutherfurd et al. (1997b) . Diets are commonly formulated on ileal digestible total Lys, which does not reflect available Lys for processed feed ingredients. Ileal digestible reactive Lys, being a better measure for available Lys, is not often measured and data are, therefore, not available for diet formulation.
Therefore, reactive Lys content of the processed feed ingredients may be analyzed and used together with the table values for ileal digestibility of total Lys of the nonprocessed ingredient to get an indication of the actual available Lys content.
Effect of Processing on Apparent Total Tract Digestibility of CP
Processing decreased (P < 0.001) ATTD of CP for SBM and RSM (Table 6) , which was lower than the decrease observed for SID of CP. Ileal digestibility of CP includes the undigested N from advanced and final 2 Two pigs were not fully adapted in the first fecal collection period; hence, least squares means are reported for 6 pigs for the SBM diet, 7 pigs for the pSBM diet and the RSM diet, and 8 pigs for the pRSM diet.
3 Organic matter was calculated as DM -ash. 4 Nonstarch polysaccharides were defined in the current study as DM -ash -CP -acid-hydrolyzed ether extract -starch -sugar in the diet and DMash -CP -acid-hydrolyzed ether extract in feces considering complete digestion of starch and sugars. MRP because these products are resistant to enzymatic degradation. Some advanced MRP can be metabolized by gut microbiota whereas final MRP (i.e., melanoidins) are resistant to this (van Rooijen et al., 2013) . Part of the N from advanced MRP is, therefore, lost in the large intestine, resulting in lower amounts of N in the feces, which may explain the observed smaller difference in ATTD of CP compared with SID of CP between the experimental diets.
Effect of Processing on Growth Performance
The ADFI was approximately 200 g/d greater (P = 0.007; Table 7 ) for the RSM diets compared with the SBM diets because of the greater feed allowance to account for the lower calculated NE content of the RSM diet (9.8 MJ/kg feed) compared with that of the SBM diet (10.8 MJ/kg feed). Processing decreased (P = 0.002) ADG and (P = 0.006) G:F (Table 7) . The decrease in growth performance was presumably caused by the lower digestibility of nutrients, in particular, the lower Lys bioavailability for pSBM and pRSM compared with SBM and RSM. The lower amount of available AA would limit protein deposition. The surplus available energy that could not be used for protein deposition would be deposited as fat resulting in a lower weight gain because fat deposition requires more energy and is deposited without water. The conditions of the study, that is, using pigs with a high health status, surgery to insert the cannula, individual housing, and collection of chyme and feces, influenced G:F and ADG but these effects were considered to be equal between experimental diets. The study design allowed for measurements of ADG over a short period of time (i.e., 11 d) but the negative effects of processing on ADG are also expected to occur for longer growth periods. Lignosulfonate treatment of SBM in a study with broiler chicks also decreased Lys, reactive Lys (measured with 1-fluoro-2,4-dinitrobenzene), and ADG and increased feed conversion ratio (ADFI/ADG; Awawdeh et al., 2007) . Feeding autoclaved SBM (125°C for 60 min) to weanling pigs also resulted in a decreased ADG and G:F (Almeida et al., 2014a). Feeding processed protein sources, therefore, may negatively affect growth performance in different monogastric species in different stages of growth.
In conclusion, the intense processing used in the current study is not commonly applied in pig feed industry but could be used as model to evaluate protein quality. There was no difference in standardized ileal digestible total and OMIU-reactive Lys content for each protein source. Therefore, the protein quality of these 4 protein sources was equally well predicted by standardized ileal digestible OMIU-reactive Lys and standardized ileal digestible total Lys. This result was caused by a proportional overestimation of OMIU-reactive Lys content by total Lys and underestimation of OMIU-reactive Lys digestibility by the SID of total Lys. Crystalline l-Lys HCl was not properly analyzed as reactive Lys when using the protocol of . Further research to the specificity of OMIU to the ε-amino group of Lys is necessary to explain the results found for the RSM and pRSM diets in more detail. Analysis of MRP and LAL in SBM and RSM has received little attention and the results showed that the original, commercial SBM and RSM already contained these products. Processing resulted in greater amounts of MRP and LAL and it negatively affected nutrient digestibility and pig growth performance. The effect of processing on postabsorptive nutrient utilization to elucidate the effects of processing on pig growth performance warrants further study. 
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